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ABSTRACT

The purpose of this study was to determine if a Virtual Environment (VE) model of a natural
environment could provide familiarity training transfer. The methods used included aspects from sport
orienteering. 15 male participants comprising three ability groups participated within three treatment
groups. The treatment groups were comprised of a map study, map and VE study, and an actual
environment study.

The results indicated that navigational ability had a more pronounced effect on performance then
did treatment group. However, among the treatment groups, the intermediate ability group seemed to
benefit the most from the VE. Within the VE treatment, the beginner ability group seemed to suffer from
excess workload, while the advanced group found the VE treatment only useful for pinpointing the location
of the marker.

The results indicate that a properly designed VE can, through training, impart a familiarity with a
selected natural environment area, better than map study for all except the most sophisticated land
navigators. Further study is needed to examine aspects of the VE, how they need to be represented, and

what other refinements or features could be included in such a VE in order to maximize training transfer,
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L INTRODUCTION

A. PROBLEM STATEMENT: CAN VIRTUAL ENVIRONMENTS BE USED
TO IMPROVE WAYFINDING PERFORMANCE FOR THE PERSON ON
FOOT IN AN UNFAMILIAR NATURAL ENVIRONMENT?

The ability to use Virtual Environments (VE) as a training aid for improving combat
performance by the individual foot soldier is predicated in great part on the level of fidelity between
the VE and the environment being modeled. Just what that fidelity is, and how best to represent
it, is still unknown. | infer that a significant part of that fidelity involves modeling the actual
environment to the degree that the foot soldier, after having trained in the VE, feels as if he
already knows the place. Knowing the place means in large part, being able to move about in that
space with the same level of confidence which one has when you move through an oft frequented
woodland, park, or forest. This place is known to the extent that even certain trees, rock clusters,
minor trails, or other features are not only recognized on sight by this person but he could take
you to these features by any number of routes without the aid of map, compass, or Geographic
Positioning System (GPS).

Moreover, this person has the sense of well being that comes from knowing where he is
and not fearing becoming lost. Knowing where you are allows you to reduce your dependency on
navigational aids, thereby freeing time and concentration for other tasks. Knowing the
environment as if you have already been there, allows you to rapidly exploit that knowledge for
offensive and defensive actions without the apprehension which often accompanies moving
through an unfamiliar environment never seen before but only roughly imagined by the low level of
detail provided on a typical topographic map. This is one component of situational awareness:

“ The most important thing learned from the Task Force XX| advanced warfighting experiment
held at the National Training Center, Fort Irwin, Calif., last month is "that situational awareness is so
powerful." Gen. William W. Hartzog, commander of Training and Doctrine Command.

According to the general, situational awareness consists of three things:

1. Knowing where you are.

2. Knowing the location of friendly forces.

3. Knowing the location of the enemy.

“Now, when you know those three things you are given a startling tool on any battlefield
anywhere," he said.



Unlike the combat vehicle crewman, who by virtue of his vehicle's speed, size, mobility
characteristics, and function, is primarily concerned with representations of those features in a
VE that impact on his vehicle’s performance ( manmade and natural features that facilitate or
hinder vehicle movement and opportunities to fire or be fired upon), the foot soldier is concerned
with a higher level of detail not represented by today’s simulators. When operating on the mission
objective area, this level of detail goes beyond the simple portrayals of vegetation and manmade
features where a representative item is replicated in a uniform or pseudo random fashion. When
viewed from the foot soldier's perspective, this type of modeling produces the “clean” or sterile VE
which is often at significant variance to the actual terrain and thereby, at best, degrading the VE’s
utility or worse creating false knowledge. This type of modeling often omits depressions, minor
roads or trails, clearings, and other conspicuous or important features to the foot soldier.
Modeling these features and landmarks are essential if VEs are to create this level of spatial
familiarity to the foot soldier about to conduct a mission on the modeled terrain.

To the non-military user, knowing what and when to model in a natural environment so
that the user has a heightened sense of familiarity may not only pave the-way for a more informed
direct experience, but may permit decisions to be made without first hand experience of the actual
environment if the user has confidence in the integrity of the model. Also by understanding what
features are best modeled and how to present them in a VE meant to represent real space, VE
designers may, in turn, learn how to create more navigable stand alone VEs thereby diminishing
the common phenomena of “lost in cyberspace” (Darken and Sibert, 1996).

Can VEs be used to create the level of familiarity with the natural environment for the

person on foot that up to this point has only been demonstrated for building walk-throughs or

tested for aircraft flyovers? This study addresses that question.




. BACKGROUND

A. SPACE, PERCEPTION, AND NAVIGATION

Landmark knowledge by itself is little more than a crude representation of the
environment (Wickens, 1992). Navigational ability may reside in route or survey knowledge (see
Glossary for explanation of landmark, route, and survey knowledge). Thorndyke'’s (1980)
research has suggested that each of the respective knowledges is preferred for certain
geographic tasks. Additionally each may be acquired independently of the other through different
training techniques.

Route knowledge is derived from an egocentric point of view. This type of knowledge is
illustrated by directions such as “right” at the road junction. This command will lead to different
route choices based upon the perspective of the person at that moment, such as whether they are
facing east or west at the time they encounter the road junction. In contrast to this is survey
knowledge where the appropriate reaction upon encountering the same road junction would be to
“take northerly road”. In this instance, the needed direction would be taken regardiess of which
direction the road junction was approached from.

Thus, Thorndyke has proposed that the possession of route knowledge is best suited for
decisions made from an egocentric frame of reference. This includes pointing out the direction of
a landmark not .currently visible or judging the distance that must be traveled between two points
and actually navigating that route. Whereas survey knowledge, which provides a more exocentric
viewpoint, would be good at estimating the relative direction between two different landmarks and
estimating straight line distance as opposed to walking distance between them. Identifying the
absolute location of a landmark on a map is also an instance of demonstrated survey knowledge.

Regarding Thorndyke training, argues that route knowledge is best obtained through
direct navigation of an environment. Comparatively, survey knowledge is best initially obtained by
map study. However, survey knowledge will also eventually be developed from direct navigation.
Thorndyke and Hayes-Roth (1982) tested this assertion through two groups of subjects on
orienting and distance estimation tasks. One group acquired knowledge of the topography of the

Rand Corporation building through extensive navigation training (route knowledge). The other
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group acquired knowledge by map study (survey knowledge). The results confirmed predictions.
At modest levels of training, the map learning group demonstrated better estimates of Euclidean
distance and object localization than the route knowledge group did.

Additional training of both groups showed an asymmetry of results. Eventually the
navigation trained group surpassed the map trained group in all tasks. The progression from
route to survey knowledge suggests that our internally based egocentric frame of reference slowly
progresses from an inside-out context dependent frame of reference to an outside-in context free
representation (Wickens, 1996).

Wickens also asserts that these results have important training implications. He suggests
that extensive map study may not be very effective in preparing someone to navigate in a strange
environment. He claims that a more effective training procedure would be provided by an inside-
out experience of an environment where “the operator actually navigates through videotapes, or
even views a highly abstracted movie that indicates the twists, turns, and landmarks to be

encountered in navigation®.




lll. VEs AND WAYFINDING

A. ABSTRACT LEVEL

Studies on the acquisition of spatial knowledge in VEs have been conducted on several
levels. Fundamentally, they have dealt with simple geometric primitives such as cubes and
rectangles confined within limiting walls (Peruch, Vercher, and Gauthier, 1995). Peruch et al have
confirmed that spatial knowledge acquired through active exploration is superior to that of either
dynamic passive or dynamic static exploration.

Their study consisted of a spatial layout of four target cubes hidden from each other by
obstructing inner walls and all of these objects contained within a limiting wall with an entrahce
point on each of the four sides of this wall. In the active exploration condition, the participants
freely explored the space, their view smoothly changing in response to their manipulation of a
joystick. Their objective was to locate each of the four target cubes. In the two passive
conditions, the objective was the same but in the case of the dynamic passive condition the
participant had no control over route selection and viewed the smoothly changing scene from a
programmed route designed to show the all four cubes twice the participant by touring the area in
a clockwise and counterclockwise fashion. The programmed tour lasted four minutes. In the
dynamic static condition, the participant viewed a series of static slide-like scenes selected along
a continuous path. These scenes corresponded to one of every 72 frames of an 18 frame per
second smooth changing scene rate. Each static scene was displayed for 4 seconds. All three
exploration conditions were four minutes.

The participants ( nine women and nine men ages 20 to 39) were allowed to practice
working in the simulator in order to relate the motion of the joystick to the changing scene before
the preview. After each group was given a preview of the simulated space (the exploration) under
their respective condition, they were immediately subjected the target location test. The
participant was required to do the target location test; where being placed near the center of the
simulated space, they were directed to use the joystick to select the shortest path to reach a given
target cube. Not one target cube was visible from the start point even if doing a 360 degree

rotation. Eight test trials were performed for each of the experimental conditions. A large display
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screen was used that provided the perspective one would have of looking out the front windshield
of a car with no side views.

The results showed that the active exploration condition systematically yielded the highest
number of memorized spatial cues. Participants that acquired the highest spatial knowledge also
had the highest performance score. Dynamic and static passive conditions of exploration yielded
equivalent performance as determined by the same two dependent variables (score and '
completion time). This later point has interesting implications as to how two different viewing

conditions, fixed frame and continuous sweeping may lead to an equivalent performance.

B. PROMOTING GEOGRAPHIC KNOWLEDGE IN SIMULATED AIRCRAFT
NAVIGATION

Traditionally pilots have been trained to prepare for an upcoming flight by drawing and
studying their routes on aeronautical charts. For flights conducted under visual flight rules pilots
use the navigation method known as pilotage, a technique that is involved in nearly all low level
rotorcraft operations (Williams, Hutchinson, & Wickens, 1996). In this method, pilots choose
salient landmarks that will bracket their course.

A Previous studies seem to indicate that active mode learning is superior to passive mode.
However, this positive result may diminish as work load increases. Optimal scene detail is also in
question, yet to be accurate, most of the studies involving scene detail have looked at landing,
altitude maintenance, and bombing. Successful navigation is significantly dependent on the
localization as well as positive identification of landmarks. This suggests that higher levels of
scene detail may better support the identification component of the navigation.

In testing the effects of level of detail (LOD) and active vs. passive participation in a
simulated rehearsal flight, active participation was once again demonstrably superior in promoting
the acquisition of spatial knowledge (Williams, Hutchinson, & Wickens, 1996, experiment 1). A
third group studied only a map and achieved of level of performance above the passive but below
the active group. Two of three groups trained in low and high levels of scene detail respectively.
When both groups transferred to a high image fidelity simulation to fly the same route the transfer
results indicated no effect of scene detail on level of performance. However, it must be noted that

all groups in this experiment still had access to their map and thus any influences from the various
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treatments could have been washed out by the fact that all the pilots still were able to refer to their
maps during the test portion.

Survey knowledge was also tested among the three groups. Although the map study
group was able to reconstruct the map to a higher level of detail then the other two groups, and
they did well on the landmark recognition measure, they were no more successful than the other
two groups in returning to the start point. The return to the start point task was given after the
participant had arrived at the final checkpoint. The participant was not told that this would be a
task on the test until arriving at the final checkpoint. Unlike preceding tasks, the participant was
required to complete this final navigation task without reference to the map. The results of this
survey knowledge test suggest that, though the map study group’s reconstructed maps were
superior and implied a superior survey knowledge than the other two groups, this ability did not
translate into a capability to apply that knowledge. This result supports the presumed
independence of reconstruction skills and the functional use of this survey knowledge proposed
by Thorndyke and Hayes-Roth (1982).

This experiment was repeated, except that all participants were denied use of the map for
the transfer test flight. The results from this second experiment imitated t.he first one except that
the active group, with a fixed map orientation, experienced a significant drop in performance.

Also during the rehearsal flight the active group was forced to fly 40% faster in the second
experiment in order to reduce the study time for all groups to 20 minutes. The faster flight
increased the bandwidth requirements for horizontal and vertical control and likely increased the

overall flight control workload.




C. TRAINING DISMOUNTED SOLDIERS IN VIRTUAL ENVIRONMENTS:
ROUTE LEARNING AND TRANSFER

The Army Research Institute (ARI) constructed a highly detailed model of an office
building using Multigen and WorldToolKit (Witmer, Bailey, and Knerr, 1995). The building was
rendered using a SGI Crimson Reality Engine and displayed via a Fakespace Lab two color
Boom2 (a high-resolution binocular display at the end of an arm that allows six degrees of
freedom movement and thumb buttons that control forward and backward movement).

The participants were sixty college students who had no previous exposure to the
building. All participants first studied route directions and photographs of landmarks, either with or
without a map, and then were assigned one of three rehearsal groups. The respective groups
were the VE group that rehearsed in the building model, the building rehearsal group that
rehearsed in the actual building, and a symbolic rehearsal group that relied on verbal rehearsal of
the route directions. Having the participants estimate the distance and direction tested route
knowledge to selected landmarks, while survey knowledge was tested by the capability of
participants to exit the building using an unrehearsed route.

The research found that participants who rehearsed in the actual building made the
fewest number of errors followed by the VE group, and then the symbolic group. Each of these
differences was statistically significant. Knowiedge accrued about the building layout or
configuration (survey knowledge) was not significantly different among the various rehearsal
conditions and no significant differences were found as from map use. Only a gender effect was
noted with males performing better than females. There were no interactions among the various
conditions.

The results indicate that spatial skills learned in a virtual environment can transfer to real-
world settings if the virtual environment adequately represents important landmarks and stimulus
cues. The VE group, though not performing as well as the building group, did much better than

the symbolic grdup, even better than those who had previously studied a map.

D. WAYFINDING IN THE NATURAL ENVIRONMENT, MAPS, AND
TERRAIN VISUALIZATION




The psychological aspects of wayfinding in the natural environment have been
researched extensively by psychologist Rachel Kaplan. Included within her studies on the subject
have been an examination on the fear of getting lost and on the building of confidence on the part
of the navigator to mitigate or eliminate that same fear. Developing knowledge about future
needs, learning techniques for dealing with new situations, and confidence in problem solving
developed as a consequence of prior successful problem solving; all of these depend-upon the
adequacy of an individual’s internal model of the environment, and this in turn depends upon
experience (Kaplan, 1976).

The “future” environment must be modeled so that it facilitates envisioning it. Merely
describing it makes it difficult for a number of people to arrive at the same spatial relationships
and physical characteristics among objects. The scene needs to be taken in one sweep where
the spatial characteristics are immediately comprehended in a uniform way by all who view them.
This suggests that the best way to represent an environment is through a model or simulation.
Though models are abstractions, they need not loose coherency because of a lack of detail.
Object constancy is important in this sense so that houses are recognized as houses and so on.

Kaplan’s study showed, among other things, that participant’s required to draw a map of a
natural environment after a brief walk through of that environment came up with radically different
maps for depicting what they had seen in spite of the fact that they all had walked the same route.
The majority of maps were linear (route maps) showing a sequence of landmarks connected by a
line (the path walked). Two maps were pictorial, showing key features in elevation and obscuring
geographical relationships, while two other maps were regional, showing areas defined by types of
flora and topographic elevation. Kaplan concluded from this that the maps indicate that there is
much more in a person’s mind than what any single map conveys.

A later study by Kaplan involving 85 seventh graders indicated that prior experience (via
abstract non-contour based maps) did make a difference in terms of reactions to the experience
in the natural setting. Of more compelling interest was the conclusion that prior cognitive
structuring of an unfamiliar outdoor setting must be done well or not done at all. The conclusion
was drawn from the result that participants who had information that they knew to be irrelevant

about the environment that they were about to enter had no difficulty ignoring it whereas another
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group which had been given relevant but misleading information experienced cognitive incongruity
which detracted from their experience in the natural environment (their confidence about their
knowledge of that environment).

A final study by Kaplan used contour maps and aerial photographs. The results of this
study showed that the group who oriented themselves to the natural environment experience
beforehand using an aerial photograph were more favorable to the experience and enthusiastic
about the thought of future trips to the park than the contour map based group. In contrast to the
contour map based group which had greater confidence in their wayfinding ability. Possible
explanations could be the quick sense of space that the photograph provides to a participant base
(106 seventh graders) not thoroughly schooled in contour map reading. The contour map group
had received some instruction in reading contour maps prior to their use of a contour map during
the test. Of particular note was the fact that the contour map based group had a higher degree of
confidence in their wayfinding ability independent of their attitude regarding the experience. This
implies that confidence and comfort in the natural environment contain a variety of informational
inputs (Kaplan 1976).

On the basis of these studies Kaplan concluded that their is a need for a map that
provides a more intuitive sense of height and depth than the contour map. The use of a “game”
format to encourage active participation on the part of participants as opposed to passive learning
was very well received on the part of participants. The fear of getting lost in the natural
environment is not merely a function of a lack of prior experience with that particular environment,
but of a lack of cognitive structure for such settings as a whole, or in other words the lack of a
“sense of place”. Concerning what is important to represent to the navigator on a map of a natural
environment Kaplan is less sure. The only things that seem to stand out in the natural
environment to her are the non-natural features of that environment. Of secondary importance
are the characteristics of regions such as a forest, clearing, or tall grasses. Thus the problem of
identifying landmarks in the natural environment becomes one of identifying unique features
against background. Kaplan concludes that confident wayfinding and orientation in a natural
environment can be enhanced, at least to a limited degree, by prior exposure to relevant

information. Additionally, a critical component of this wayfinding skill will be the ability to identify
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what is “distinctive” after one has become sufficiently well acquainted with the setting to know
what is distinctive. The importance of a sense of place and the preference for the familiar may
relate to the ability to be comfortable with an environment so that distinctive elements can be
differentiated (Kaplan, 1976).

Research on map reading and terrain visualization done by the Army Research Institute
for the Behavioral and Social Sciences (Simutis and Barsam, 1983) has shown that their can be
considerable individual differences when it come to map reading abilities. The ability to visualize
three-dimensional terrain from a two-dimensional contour line representation represents the most
complex skill required of a map reader. At the time of this study three solutions were proposed to
help overcome the individual differences in map reading and terrain visualization skills
demonstrated by soldiers:

1. Redesign the maps

2. Improve techniques to train map reading skills

3. Select individual with map reading abilities for this task

Redesigning of maps in accordance with user preference surveys has had little
usefulness in facilitating better user performance with these maps (Wheaton, Zavala, & Van Cott,
5967). Different methods of portraying relief on a map have provided similar results in that
performance gains in one area (time to extract relief data) were offset by performance losses in
another area (terrain visualization). Only greater map reading experience positively correlated
with increased map reading performance.

Research on individual map reading differences have confirmed that differences in spatial
skill abilities exist. However, map readers will likely never be selected solely on their ability to
read a map as many other skills are important in the performance of a military specialty.
Consequently any improvements in map reading performance will have to come as a result of
improvements in map reading training.

As with many other skills, trainers believe that the best way to improve terrain visualization
performance is through experience. Thus techniques that broaden terrain visualization
experience in short period of time are important to the Army. An experiment was conducted
which studied the performance advantages among a three dimensional terrain board,

stereoscopic slides, and two dimensional slides. Eight different groups were formed around
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combinations of the previously mentioned training aids. The group that trained with a combination
of three-dimensional terrain boards and two dimensional slides performed the best in terrain
visualization.

Under the same study, Army researchers experimented with computer graphics as a
means of training terrain visualization. A low resolution computer graphics application was used
where the participant could place himself on a specific site within the map and then could rotate
an arrow from 0 to 360 degrees to indicate the direction of view. Once the site was selected the
participant could then view the terrain as if they were standing on the chosen site and looking in
the chosen direction. The terrain could be plotted on the screen in two or three dimensions. No
mention is made in the study as to the portrayal of map features other than relief. From figures
included in the study it would seem that only relief was modeled and all other types of features,
both manmade and natural were not part of the terrain modeling.

Participants were classified as to spatial ability through three subtest scores from the kit
of Factors Referenced Cognitive Tests. Participants were classified as having either above,
average, or below average spatial ability. These three groups were then further divided between
two test conditions: interactive and non-interactive.

The tests indicated that for participants of above average spatial ability interactive
graphics training was more effective than non-interactive training. There was no effect of training

condition for participants of average or below average spatial ability (Simutis and Barsam, 1983).
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E. ORIENTEERING

By virtue of the added detail in an orienteering map, which makes it a more suitable
template for deriving a high fidelity VE than any other topographic map, and the presence of two
orienteering clubs in the area, | decided to use orienteering as the basis for my experiment on
wayfinding in the natural environment and VEs. Orienteering provided me with a detailed
conceptual framework for map and corresponding VE construction, a method for evaluating the
effectiveness of navigating an orienteering course (Lowry and Sidney, 1989), and a pool of skilled
map readers with which to draw upon for participants. This last point has significance since from
a logistics relevancy, the research is within a military applications context and | restricted
participation to only those individuals who were familiar with map and compass use. Prior
exposure to sport orienteering was required. Finally, since orienteering has a history as an
organized sport reaching back over 100 years in Sweden, it also has a correspondingly extensive
téxonomy, methods for training, and most importantly within the context of this study, a system for
identifying and classifying common navigation errors.

Orienteering is a sport where participants use specialized maps, clue sheet, and a
compass to locate orange and white three side flags known as “controls” (see Figure 1) in a race
against the clock. It is wayfinding in the natural environment with a competitive angle. Courses
vary in difficulty and are rated with color codes to reflect their relative difficulty to each other. The
easiest course (white) normally contains from seven to twelve controls set alongside roads and/or

trails for a cumulative control to control distance of approximately three to five kilometers.

Dimensions:
12" x 12"

Colors:
White
International Orange

Figure 1. One Side of Three Sided Orienteering Control Marker

Like all courses, regardless of difficulty level, these controls must be found in sequence.

Upon finding a control marker, the participant will take out his scorecard and “punch” their card
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with the punch that hangs from the control. The punch is approximately the size of a small pocket
paper stapler and contains a letter or symbol pattern in small spikes which when applied to the
scorecard, perforates it leaving a hole pattern in the scorecard that matches the punch’s pattern.
This verifies to the scoring official back at the finish that this participant did indeed find a given
control. Participants must find ali the controls on their course in order to be considered as
finishing. At that point, all finishing competitor’s times for a given course are compared and
sorted, with the fastest time winning, etc.

The orienteering map is a highly detailed specialized map reflecting the orienteering
participants need to know fine details about the environment which in they are competing. These
details include but are not limited to all roads, trails, and classifications of vegetation based upon a
competitor’s ability to run through it. Other features as small as isolated boulders, individual trees,
fences, and other features not normally represented on a USGS topographic map, are often part
of an orienteering map. The idea being, if the map contains such detail, then the orienteering
course designer can use that detail in the creation of a course. Orienteering maps are normally
produced at a scale of 1:15,000 or 1:10,000 whereas most USGS and military maps start at
scales of 1:24,000/1:25,000 and go up. So not only do the purposes of orienteering and normal
topographic maps differ, but their respective scales denote corresponding levels of detail. More
information on orienteering map specifications can be found in International Specifications for
Orienteering Maps in Appendix A.

The clue sheet is the one other aid that the competitor uses to pinpoint the location of the
control. itis normally a small sheet of paper which contains orienteering symbols (and
corresponding textual explanations for beginners) as to the precise location of the control within
the circle drawn on the map. It will include a description of the feature the control is placed on,
such as hilltop, fence corner, or individual tree. It will also state on what side of this feature the
control is located, such as on the north side of a tree, or southwestern corner of a building. The
intention here is to provide all the information necessary to the competitor so that a deliberate
course can be set for the control, as opposed to luck being the deciding factor influencing the
finding of the control as the competitor enters the marked circle. See Figure 2 for the clue sheet

used in this study.
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Orange 2070 meters|1l m [Course Orange Length 2070 meters Climb 11 m
Start A\ Start

1 - O| |Building Northwest side

2 V[~ 11 Pit Shallow Size 1xl n

3

4 U [~ 13x3 Small depression Shallow Size 3x3 m

5 % |4 |O| |[single tree Deciduous Height 4 m Northwest side

6 T 13x7{ A | |Ruin Size 3%7 m On top

7 x|rs| |—| [pry ditch Ruined East end

8 - Clearing

9 o (| |Clearing Hortheast edge

Figure 2. Clue Sheet Used in this Study

Finally my role as cofounder and president of the Monterey Bay Orienteering Club
(MBOC) placed me in the position where | gained first hand experience in orienteering map
making and course setting. It further gave me the opportunity to recruit participants for the
experiment from the MBOC membership. Pivotal to my role as cofounder and president was the
acquisition of digital mapping data for Ft. Ord which was produced in 1993 in conjunction with its
closing. This data, produced at 100ft and 300ft per elevation data point, was crucial in providing
the necessary high fidelity input for producing an orienteering map and the VE that would later be

derived from it.

F. GIS AND RAPID DEVELOPMENT OF VEs

The rapid development of VEs from existing Geographic Information Systems (GIS)
databases is key to VEs becoming viable training mediums for the military or those wishing a high
fidelity computer representation terrain found in the physical world. Rapid development of a model
should stem from taking existing GIS data, | assume the GIS data is over 90% accurate and at
the scale needed by the VE builder, with 96 hours or less spent converting, inputting, and refining
the raw GIS data into the final VE. High fidelity means the ability to model features as small as a

pit 1 meter deep by 1 meter in diameter, and to be able to place that pit in its appropriate
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location within the VE.

This state presumes that there are VE file formats, modeling tools, and when necessary
conversion utilities for GIS data that taken together give the VE builder the necessary tools to
methodically create the VE without having to resort to rewriting code within a modeling tool, or
developing custom import or export filters for porting the GIS data to the VE modeler. And of
course all data that is ported to the VE maintains its GIS spatial integrity.

Though several vendors claim that their products are capable of meeting some of the
above criteria, my experience over the course of 3 months proved that most of those claims were
without merit. What follows is a brief synopsis of my attempts to port the Ft. Ord GIS data into a
VE and why | eventually had to settle for an unorthodox solution to the problem.

The implication is that anyone desiring to create a VE rapidly must depend upon base
topographic data to already exist as conventional aerial or satellite survey can be both costly and
untimely. Thus, using existing GIS data from the most popular GIS formats is the most efficient
first step in creating a high fidelity VE of an actual piece of terrain.

The data produced as a result of the 1993 Ft. Ord closure was done in both AutoCAD r12,
ESRI's ArcINFO coverage and ArcView shapefile formats. Since ArcView represented the most
cost effective solution for creating maps for the MBOC, it was this application that became the
software of choice for producing orienteering maps. With the exception of the USGS’s DEM
format and the DOD’s DTED format, the GIS file formats represented by AutoCAD, ArcINFO, and
ArcView constitute the most prevalent GIS data formats is use today. Many state and local
government agencies, as well as private civil engineering firms use at least one of these
applications for GIS. These applications also enjoy widespread use outside of the United States
as well.

Recent developments in VRML 2.0 and the announcement by Intel on August 25
of several new motherboards featuring Advanced Graphics Port technology for the Pentium I
processor promise to move sophisticated graphics development from the realm of the high priced
SGl workstation to the modestly priced PC. Additionally, a conversion filter for DEM (USGS
elevation data) to VRML 2.0 and ESRI's pending release of a plugin for ArcView that can export

shapefiles into VRML 2.0 as well as create 3D models directly from the same shapefiles, also
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bodes well for the widespread distribution of terrain modeling tools and their subsequent support

and enhancement by the greater software developing community.
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IV. APPROACH

To determine if prior exposure to a high fidelity non-immersive VE improves navigation in
the natural environment | had to first define what constituted good navigation. At this point land
navigation for the dismounted soldier is still a function of training, experience, and the reliance on
tools such as map, compass, and recently Global Positioning Devices (GPS). In a perfect
scenario, there wouldn't be a need to rely on these tools to assist you in going from point to point.
Obviously, this situation is only applicable to navigation over ground that you are already very
familiar with.

This represents the ideal, though it is difficult to achieve in real terms when the section of
terrain in question is large and/or complex, thus posing a significant memorization problem. Also,
how much time is available to familiarize (to physically walk the ground) has a direct influence on
one’s ability to assimilate the features of the terrain and create route or survey knowledge.
However, for the purposes of testing training transfer from a VE, this concept of navigation without
reference to map or compass, while simultaneously maintaining a disciplined route from point to
point to preclude chance from factoring into discovering a point, is just the approach | decided
upon. The argument is restated as a premise:

Familiarity with an environmént produces fewer navigational errors than
unfamiliarity (in this context deviation from a self prescribed route) and familiarity with an
environment leads to less dependency on aids such as map and compass. This is
evidenced by fewer references to both.

Orienteering through its specialized maps and requirement for fine navigation skills, is a
good medium for testing natural environment familiarity through a navigation problem. A
sequential progression from point to point, as done on an orienteering course, facilitates the
creation and testing of route knowledge. An orienteering map, produced at a very small scale
would allow almost direct extrapolation of the map to the VE. The map would act as a feature
template upon which the VE can be built. Not only does this simplify construction of the VE by
having it follow construction of the map, but it would also insure feature congruence between the
two abstractions of the environment. Finally, the map would serve as an audit trail by providing

the medium upon which the participant can plan his route and later have that same participant’s
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actual route overlaid on the same map.

Not all natural environments are equally suited for an experiment involving route planning
and memorization. The same could be said for survey knowledge within the natural environment.
Environments which lack iandmarks, where the flora and topography is generally uniform,
presents a formidable navigation obstacle without use of map and compass. Such environments
are best navigated through a method known as “dead reckoning”. Here the navigator determines
his initial location, plots a magnetic bearing to his destination, and then walks that bearing while
logging distance traveled by means of a pace count (the method for determining distance walked
by pacing off 100 meters, remembering that count, and adding 100 meters to your distance
walked at every interval you walk that pace) . This method requires continual reference to the
compass and diligent pace counting. It is also the principle mean of navigating at night when
landmarks are concealed by darkness.

Ft. Ord’s former training area is dominated by three types of habitat. Perennial
grasslands cover about one third of the former training area and are characterized by knee high
grasses and in some places widely scattered oak trees. These areas have excellent visibility and
pose no real traversing problem. The second type of habitat is the oak forest. A woodland
dominated by Inland or Coast Live Oak which vary in height from 25 to 45 ft. The former tree will
often have canopies that reach alil the way to the ground. This woodland varies in density and
amount of undergrowth with some areas easily traversed, while others may be quite thick or
contain large quantities of poison oak where traversal becomes more difficult. The final habitat is
maritime chaparral. Chaparral by its abrasive qualities and tendency to grow in dense uniform
thickets is a considerable obstacle to the walker. Even on the edge of chaparral communities
where the plants break up their otherwise unbroken thickets, chaparral is best walked around as
opposed to attempting to fight your way through it. As a consequence of its use as an active duty
Army installation for much of this century all of the former training area is a lattice work of paths,
jeep trails, and minor roads. Finally, there are some small wood buildings, concrete tent pads or
foundations to ruined buildings, and power lines in the former training area.

Thus, much of Ft. Ord is ideally suited for this test. A mixture of meadow, traversable

woodland, impassable thickets, occasional building, and latticework of trails allows for the creation
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of a course rich in landmarks, but also posing many opportunities for parallel error to the

navigator. Since many of the participants for the experiment are drawn from the MBOC and its
San Francisco based predecessor, the Bay Area Orienteering Club (BAOC), an was selected
which had not been used previously for an orienteering event. This precluded participants from
having a significant prior exposure to the course area and thereby skewing the results of the
study. Additionally the area chosen should not be either too hilly (turning the navigation problem
into an athletic test) nor flat (avoiding the featureless landscape referred to above). it also has to
offer clear reception of the differential GPS (DGPS) signal being broadcast from nearby Toro

Mountain.
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V. IMPLEMENTATION

A. TREATMENTS AND ABILITY CLASSIFICATION

Three groups comprise the treatments within the study. As a benchmark against which all
performance is compared, one group would get to walk the actual course immediately prior to
being tested on that course. During the training phase this “Real World” (RW) group would have
unlimited access to map and compass as they walk the actual course locating each control and
marking on their map the route they intend to follow during the immediately following test phase
where they don't have access to map and compass without penalty. It was expected that this
group would perform the best as they would experience the test environment in first person as
opposed to an abstraction.

The second group, the Control Group (CG), previews the map only. This represents the
existing method of planning and terrain visualization. A participant in the CG has to plot his route
based only on map study. Like the other two groups (RW and VE), the plotted route is on the
same map that the participant would later be able to refer to (under penalty) during the test phase.

Finally, the VE group would preview the course via a non-immersive VE and map. The
map was still necessary from the standpoint of plotting the participant's route through the course.
Also, the VE as constructed did not have an audit capability with which to either track the
participants movements through it, or record a path at the participant’s discretion.

15 participants volunteered for the study, all were males between the ages of 28 and 68.
Participant’s ability was assessed through a questionnaire on previous orienteering experience
(see Appendix B) and they were then evenly divided among the three treatment groups. The
ability classification of the participants was as follows:

1. Three Advanced
2. Nine Intermediates
3. Three Beginners

All advanced participants were from the BAOC and were actively competing in
orienteering events at the rate of one or more events per month. Additionally, advanced
participants had competed in more than 24 orienteering or military land navigation exercises in

their lifetime. This frequency of recent competition, over 24 events participated in to date, and a
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self assessed advanced ability level led to a participant being classified as advanced.

Intermediates may not have participated in any more navigation events in their lives then
beginners, but assessed themselves as intermediates based upon question three. The
significance of this needs to be clear. By stating that they (intermediates) navigate in a more
aggressive fashion (see Appendix B, question 3, answer b) it denotes a level of experience, and
therefore confidence, not shared with beginners who still navigate by the safest route possible
(see Appendix B, question 3, answer a). Participants who self assessed themselves as advanced
but lacked the previously noted competitive history and frequency level of advanced participants
were classified as intermediates.

Beginners had patrticipated in fewer than 12 orienteering or military land navigation
exercises in their lives. Beginners also self assessed themselves as beginners based on question
three. The correlation between fewer then 12 events over a lifetime, and a self assessed

beginner's ability level, led to a participant being classified as a beginner.

B. COURSE AREA AND MAP

An area immediately to the southwest of the junction of Gigling and Watkin’s Gate road
was selected for the course. The selected area was boundea by Gigling Road on its north, and
dirt roads on its remaining three sides. It comprised an area of approximately 1200 x 700 meters
in size of gently rolling forest, meadow, and thicket. Several buildings, to include ruins and
concrete foundations, and two sets of single wire power lines added to the feature list. The area
was crisscrossed with an extensive path and jeep trail network. See course map in Appendix C,
and an explanation of the map’s legend in Appendix D.

| An initial survey was conducted to determine the area’s suitability to task based upon
natural and manmade feature distribution. When the area was considered adequate, an
orienteering course was laid out. The map of this area was produced after approximately 25 hours
of survey and 25 hours of computer work. A digital aerial photograph (created 1993) produced at
the one meter per pixel level was used as the template for the survey and subsequent computer
map production (see Appendix E).

IOF Map conventions were followed most the time, the exceptions being telephone

poles/wire, and concrete pads both of which were symbolized in ways not covered by the IOF map
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handbook. This was necessary because the symbol palette in ArcView does not contain full
support for all IOF map symbols. The map was produced at a scale of 1:5,000. This very small
scale was chosen to make it easy for participants to accurately trace their planned route through
the course. A larger more conventional scale of 1:15,000 would have made such fine route
tracing impractical. Also, the smaller scale allowed the portrayal of small breaks in the vegetation
(2 meters or less in width) which would be significant to the participant trying to thread his way
between thickets of fight. The 1:5,000 map scale was the appropriate scale for direct translation

to the VE.

C. THE COURSE

The course decided upon was the technical equivalent of an orange course (intermediate
skill range in sport orienteering). The orange course meant that the controls were located off of
paths and roads. Controls were placed so that catching features were at times be along the route
tb, or at least in the immediate vicinity of, a control.

Control placement would provide route choice to the participant. This meant that the
participant normally perceived at Iéast two principle routes to a given control from his current
location (normally the preceding control). Route choice was strictly up to the participant. The
participant was informed prior to beginning his training that there was no bonus for choosing a
more aggressive route. Rather he chose a route that he was able to stay on without deviation.
Choices between an indirect yet conservative route where the prospect of route deviation was
minimized, and an ambitious more direct route which normally meant primatrily cross country
without benefit or roads or trails with which to guide the navigator (handrail) was available at each
control. An analysis of each control and the probable routes to them can be found in Appendix F.

| decided to place nine pontrols on the course for several reasons. One was to provide a
large enough number of controls so that early errors on the first two or three controls would not
dominate the overall results of a course run. Experienced and inexperienced navigators alike will
affirm the importance of being right while searching for the first few controls. Finding the first few
control in accordance with expectations has the effect of building confidence in the navigators

analysis and execution of the navigation problem. Conversely, early errors that lead to not finding
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the first or second control can severely shake the navigators confidence, leading to self doubt,
and further errors in judgment.

Also, by having nine controls | had the opportunity to vary the difficulty level of a given
control so that there was a balance of fairly easy confidence builders and difficult parallel error
laden controls. Nine controls were the approximate number | could fit into the course area without
resorting to undesirable backtracking where the participant would be crossing a piece of ground
already seen when searching for a previous control. And finally nine controls laid out to comprise

a cumulative course distance of under 3,000 meters was a course capable of being completed

without running in less than an hour.

D. THEVE

Jack Nicklaus Golf 4.0’s Course Designer was the software used to create and later
preview the course. Some of the limitations inherent with the Course Designer was the “hole”
convention. This limited modeling of the environment to 640 x 215 yard views, or what would
normally be considered the maximum length and width of a golf course hole. Within the context
of the course area previously described this limitation was not significant. Due to the topography
and vegetation, a participant would never have an unrestricted field of view stretching out more
than 150 meters. Careful alignment of these holes within the constraints imposed by the terrain,
control placement, and the likely routes taken by participants meant that the most likely
approaches into a control could be previewed from within the confines of one 640 x 215 yard
“hole”.

Another constraint on the model’s construction was the fact that the program was never
designed with GIS data import capability. Though the program had been used to model many
actual golf courses, these models were constructed strictly with the eye of the modeler as the
measuring tool for ensuring spatial fidelity. By moving the tees around, in the “under construction
hole”, one could come to some rough measurements as to horizontal distance. Vertical distance
or elevation is similarly approximated by alternately raising and lowering a section of ground and
then placing an object of known height such as a tree of building next to the modified ground in
order to determine it height or depth. This resulted in a very tedious and time consuming approach

to model construction.
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As previously indicated the map was created prior to the VE. So the map acted as a

template for VE construction. This was particularly important in defining boundaries, especially
those separating rough open ground from forest or other conspicuous demarcation between two
very different map features. Spatial fidelity was created by first bringing up a view within ArcView
at a scale that would closely match the size of the hole in JNG as it appeared on the screen. A
transparent overlay was printed out from ArcView that contained contour lines, vegetation
distribution, road and trail network, and other manmade objects. This overlay was spatially
accurate. The overlay was then taped onto the screen and the hole from JNG would then be
positioned so that the boundaries of the hole lined up with the boundaries of the overlay. Then
contour lines, vegetation, and other objects were all traced and filled in on the hole underneath the
template. The total time spent to construct a hole was between 20 and 30 hours. This variance
was due primarily to the amount of elevation that had to be modeled on a particular hole. The
more relief that had to be created the greater the amount of time spent, as rendering elevation
changes with the modeler was an extremely slow process.

The application of vegetation was a mixed blessing. The Course designer contained a
rich palette of trees and bushes, which though they did not match the Ft. Ord flora exactly, '
provided an adequate facsimile of Ord’s vegetation. Although, all flora had to be placed into the
hole on a plant by plant basis, there was no defining an area with a given plant type and then
allowing the computer to randomly or uniformly distribute the plants over that area. The resulting
method involved hundreds of mouse clicks as trees and bushes had to be individually placed into
the environment.

The Hawthorne Tree from the Course Designer palette closely approximated the look of a
Live Oak. This became the tree of choice for woodland representation within the VE. | attempted
to replicate the height of tree groves in the test area to reflect the differing characteristics of tree
groves throughout the course. Oak trees on more exposed ground have a tendency to be shorter
(25 ft) with canopies that stretch all the way to the ground. On the other hand, their counterparts
on ground sheltered from the prevailing west wind, may grow to a height of 45 ft with lower limbs

well above the forest floor allowing for running through them.
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Other minor flora, such as undergrowth, young bush-like oak trees, and chaparra! were
simulated with objects from the shrub palette. Density levels of vegetation were approximated so
that they appeared to correlate with the vegetation classifications on the map, which again, were
meant to portray a participants ability to run through a given section of vegetation, and not his
ability to see through it.

Road and trail application was easier. A simple tracing of the outline and its selection as
“rough”, “topsoil”, “sand”, or “cart path”, and the path was given its appropriate representation in
the VE. Buildings were restricted to one type modeled in the course designer, a latrine, which
could be varied in size. Telephone wire poles were approximated by enlarged saguaro cacti. Wire
was not capable of being strung between these cacti, but this was not a detraction from
participants correlating the cacti with poles on the map and considering the cacti as poles. All
objects in this environment were billboards and not true 3D. That is, they had the same
appearance regardless of direction they were approached from. Plates provided to the VE
participants (during their training phase) with representative correlation’s between the actual and

virtual environments can be found in Appendix G.

E. DATA CAPTURE

Capture of the participant’s planned route was easily accomplished by providing each
participant with their own laminated map upon which they directly drew on their chosen route
through the course. During the Inbrief, the participant was given an outline of his objectives (see
Appendix H) and the parameters which he would have to adhere to in marking his map and doing
the course (see Appendix I). RW Group patticipants drew on their planned route as they walked
the actual course during their training phase. The CG and VE Groups drew their planned routes
onto the map while they respect_ively planned with map and map/VE.

Data capture of the participant’s actual track through the course was accomplished by
three means. The principle capture system was a backpack worn by the participant that
contained a DGPS with 5 meter positional accuracy coupled with an Apple Message Pad 130 (see
Figure 3). The 130 served as a capture platform for the transmitted DGPS coordinates. The 130

was programmed to accept a coordinate when 5 meters or more away from the previously plotted

coordinate. This kept the output clean by eliminating redundant positional plots from the
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participant not moving. For this study it was not of much concern with how long a participant
stood in one spor, but rather the path they took from one point to another. DGPS coordinates
were transmitted to the 130 every two seconds, insuring that there was going be a plot every five
meters. The 130 also served as a recording platform for a participant’s map and/or compass
checks. Participants were told that each request to look at the map and/or compass during the
test phase would restrict them to discrete 30 second chunks. This did not mean that participants
could only see the map and/or compass for 30 seconds before it was taken away from them,
rather for every interval of 30 seconds that the participant had the requested object in his hand, an

entry was made into the 130 correlating a DGPS reading with the possession of said object.

Figure 3. DGPS Backpack and Message Pad 130

The second means of data capture during the testing phase was with the HelmetCAM.
The HelmetCAM was a Hi8 camcorder bolted to the top of a standard US Army Kevlar Helmet. A
parachutists shock pad served as a vibration dampener between the helmet and the camcorder.
A sighting apparatus was fashioned to the camera so that the boundaries of the camcorders view
field could be determined by the camera operator who was not be able to look through the
cameras viewfinder. The camera was sighted to cépture the participant while the camera
operator stood at a distance of about 2 meters from the participant. The focus level was set on
infinity to be able to capture distance and panorama shots. The principle purpose of the
HelmetCAM was to record instances of map/compass check thereby validating the 130 entries,

and to provide data for behavioral analysis, see figure 4.

The final means of data capture was by manually recording route traveled and instances
of map/compass check on the participants map in the event of DGPS failure. My intimate

knowledge of the test area, due to my direct experience in creating the orienteering map for the
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area, would allow me to reliably record the participants route manually within most of the test area

in the event of DGPS failure.

Figure 4. HelmetCAM
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VI. METHODS

A. PROTOCOLS

Participants from all three groups were directed to meet at my office at NPS. Participants
had been advised that they would be doing the equivalent of an orange level orienteering course
and that they should dress appropriately. It was further specified that the course length would be
under three kilometers, and that provided that they made few mistakes, running would not be
necessary to complete the course. Participants were not informed as to the location of the course
~ until their Inbrief, which immediately preceded the training and testing phases of the experiment.

Soon after arriving, participants were verbally informed as to the task that lay before them
and the constraints they would operate under in the performance of that task. They were also
fnformed as to what treatment they would be part of. They were provided the same information in
writing via the Participant Task List (see Appendix H), Important Information on Marking Your
Map (see Appendix 1), and About the Orienteering Map (see Appendix D). Participants also filled
out the Orienteering Ability Questionnaire (see Appendix B), again in order to have a written copy
for archival. Participants had previously filled out an email version of the same questionnaire
which had allowed me to classify them into ability and treatment groups (while ensuring
proportional representation of ability within each treatment, participant’s orienteering ability was
assessed and they were randomly assigned a treatment group prior to the beginning of the
experiment). Participants also filled out a consent form (see Appendix J) prior to the beginning of
the experiment.

Once these formalities were accomplished, participants began the task appropriate for
their treatment. In addition to the map, which was common to all three treatments, a clue sheet
was given to all participants (see Figure 2). Participants were informed as to the function of the
clue sheet (if they did not already understand it) and told that unlike the map and compass, they
would be allowed to keep the clue sheet for the duration of the experiment. In addition to its
normal function within orienteering, the clue sheet in this context would serve as a reminder as to
the type of feature located at each control. The exception to this was control three which had no

clue and would be the focus of a test of survey knowledge.
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The CG participants were placed in a room where they could not be interrupted and given
one hour to plan their route through the course, mark it on the map, and commit it to memory. At
the end of the hour, or earlier if a participant decided he needed less time, the map and compass
was taken away from the participant and he was immediately driven out to the course area.

VE participants were given the same map with similar instructions. However, they were to
plan their route with the aid of the VE. Prior to being given the map and official time started, VE
participants were allowed to familiarize themselves with the navigation techniques and convention
of the VE by practicing them on one of the golf courses which came with JNG. This allowed them
to become familiar with the mechanics of movement through the VE and thereby reduce the
added workload inherent in using this additional tool. At the end of the hour, the map and
compass were taken from the participant and he was immediately driven out to the course area.

After the initial Inbrief and formalities, a RW participant was immediately driven out to the
course area. As with all participants, he was blindfolded for the final drive into the course area to
preclude him from surveying a portion of the course prior to beginning official time. Once at the
start point for the course the RW participant was given the DGPS to wear (to allow for a
compatrison between routes taken on training and testing phases) and given one hour to preview
the course. The participant was escorted for the duration of the preview. In the event time expired
while the participant was still out in the course area, he was then escorted out of the course area
via a route that would not assist him in gathering anymore helpful information about the course,
and taken back to the start point. During this training phase, the RW participant was also
expected to have marked his planned route on the map.

At this point, the treatment for all three groups is identical with the exception of the debrief
guestionnaire, which was more extensive for the VE group. For the testing phase, a participant
would wear the DGPS and position himself at the start point. Prior to beginning the course all
participants were tested on survey knowledge by asking them to imagine they were standing at
control three and to shoot azimuths to the finish, control six, and control eight. These answers
were recorded on the back of their map. Once this task was complete, the map and compass
were given to the participant, they were told they were at the start point for the course, and they

were allowed one minute orientation period. It was expected that during this time they would orient
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the map and confirm their location at the marked start, as well as get a litile time to reconcile the
map with his surroundings.

Once the minute was over, the map and compass were taken back from the participant
and he was asked if he had any questions. There were no questions asked. The HelmetCAM
was turned on, the DGPS activated, and official time was begun. A small chime emanated from
the 130 every time a data point was logged. This feedback helped to determine if the DGPS was
working. If it failed, official time was suspended followed by an attempt to re-establish its
reception, and if failing that, manually recording the participant’s route through the course became
necessary.

Verbal interaction with the participant was minimal. When he arrived at a control he
would be informed what control number it was. Hf he strayed outside of the boundaries of the
course he was informed that he was out of bounds. He was also given periodic time hacks
informing him how much time he had remaining in the hour.

Participants progressed from control to control in sequence. On a few occasions
participants accidentally found a control out of sequence. They were reminded that finding this
control out of sequence did not count and that they would have to return to this same control in the
proper sequence later in the course. Instances of map and/or compass checks were logged into
the 130 where they occurred.

The test phase concluded when the participant found the “finish control” or the allotted
hour expired. At that point, a direct route was taken back to the start point and we immediately
returned to NPS for debrief. Commute time to and from NPS was approximately 10 minutes each
way.

While the data was downloaded trom the 130, the participant filled out a debrief
questionnaire (see Appendix K). VE participants filled out an additional questionnaire (see
Appendix L). Once the DGPS data had been overlaid on the aerial photo within the computer,
the participant was debriefed on their course run. Unless the participant did something unusual,
the focus of the debrief was on deviations from planned route and frequency and location of map
and/or compass checks. The entire debrief was recorded on a micro cassette. A complete list of

the equipment used in this study can be found in Appendix M.
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B. MEASURING WIDELY VARYING PERFORMANCE

As previously alluded to, performance measurement would be a function of three items.
In order for a participant to be awarded a perfect result, he would have to perform to the following
standards during the test phase:

1. Find all nine controls in sequence within one hour or less.
2. Stay on his marked route within the route tolerances outlined in the Inbrief
3. Perform items one and two without need of map or compass.

With this as the benchmark for perfect performance, measuring that performance was
accomplished by direct observation and through using the tools previously described in the
Implementation Chapter. However, it became apparent that in the case of a participant not
finishing the course, a humerical penalty proportional to what the participant did not succeed in
finding, and taking into consideration the relative performance of other participants, would have to
be developed. Otherwise much statistical comparison across the duration of the course was not
possible.

In developing the penalty scheme, it was decided to insure that the penalties that a
participant received for failing to find a control(s) by running out of time (I called this a default
erron) was not in excess of those penalties that the participant had acquired while actively looking
for controls while still within the allotted hour (I called these active errors). This scheme was
meant to be on the conservative side, by not speculating that the participant would do much worse
than the average of the worst performing treatment group for that control on which he would be
awarded default error. On the other hand, the failure to find a control could not be ignored, and
the penalty should be at least in part, quantifiable by what the participant had planned to do but
failed to accomplish. With this in mind, the following scheme was developed with default errors to
account for when a particibant had failed to finish the course for lack of time:

1. Control on which the participant was on, but failed to find before
time expired

a) Default Map and Map/Compass Checks

1. Use only those map and map/compass checks that the participant

actually made.
2. Do not assign any more to the participant as a consequence of their

default.
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The rationale here was that it is difficult to speculate on when and where a
participant will ask to see the map and/or compass. This fact, in conjunction with the possibility
that the participant could well be on their route and know exactly where they are going (the errors
that put them in this predicament are from previous controls), makes assigning additional map
and compass check penalties harsher then what is needed to at least put this participants
performance on this control into relation with other participants (this is accomplished with the
distance off route measure).

On the other hand, the participant could see time expire while still looking for this
control which they have committed the bulk of their map and compass checks errors on (they are
lost). In this situation additional penalty map and compass checks will not be needed for

statistical impact, as the participant has likely already done that actively.

b) Default Distance Off Route

When time expired, the participant was either on or off their planned route. In the
former case the Default Distance Off Route penalty will be simply measuring the rest of their
planned route into the control which they did not actually walk and assigning that as their distance
off route. In the later case, the participant is already off their route. Depending on whether that
person was on road or off road when time expired dictated the path that was drawn to link their
ending location with their original planned route. Normally, this was the most direct route from
their ending location to put them back on their original route. The cumulative distance of the
inferred route and their remaining planned route became the distance off route penalty for that

control.

c) Default Error

An error under normal conditions (actively committed), is nothing more than a
deviation from the planned route. Data analysis revealed that their were no instances where a
participant deviated from their route, returned to it, and stayed on it a while, and then deviated
once more. Once a participant deviated from their original route, they did not ever return to it and

deviate once more. Thus, there are only instances of one recorded error per control. Soif a

35




person had deviated from their route and then time expired they were assigned the one error as
they would have been otherwise. If the participant had not deviated from their route, they were
still assigned an error since they had failed to complete their planned route before time expired.

2. Controls that the participant was not allowed to attempt because
time had expired

a) Default Map and Map/Compass Checks

In this instance, the participant is not allowed to proceed onto this control(s) since
time expired. In order to insure that this participant's group was not rewarded for his failure to
make it to this control(s) map/compass checks were assigned that were equal to the average of
the treatment group(s) with the highest average map and map/compass checks. If this average
was not a whole number, then it was rounded up to the nearest whole number and that number
was assigned to the participant. As an example: If participant A had failed to get to controls eight
and nine for lack of time then the highest treatment group(s) averages for map and map/compass
checks for those controls (lets say for control eight; .6 map checks, 0 map/compass checks and
contro! nine; 1.3 map checks, .4 map/compass checks). After rounding, the numbers assigned to

this participant would be 1 and 0 for control eight's checks, and 2 and 1 for control nine’s checks.

b) Default Distance Off Route

" This was fairly straightforward as the participant had never even begun this
control(s). Their planned route for the missed control was carefully measured, and since they had
failed to walk any of it, they had obviously been off route here. Their planned route distance was

assigned as their distance off route.

c) Default Error

This also was a straightforward assignment. Since this was also a deviation (the
participant had not even begun to walk his planned route for this control) and all other observed
deviations had amounted to one per control, it was easy to justify assigning the participant an

error for his failure to reach this control.
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3. Summary

The validity of the preceding penalizing method for participants that fail to find and/or

begin to look for controls is bore out by the numbers contained in the raw data for Checks (see

Table 1) and Total Distance Off Route (see Table 2).
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Vil. RESULTS

The results described here are a two-way MANOVA of ability and study group on
individual dependent variables. The graphs in this section indicate the CG as Control, and the
RW and VE groups as they have been previously labeled. Error bars indicate the standard
deviation for each group. Successful training transfer is best illustrated by superior performance in
the testing phase of the experiment. The three training conditions are compared across multiple
factors to determine if the VE condition was effective as compared to the alternative training

methods.

A. TOTAL CHECKS

Study group had little effect on Total Checks (P=.7928, F=.241, df=2). The relationship
between ability and Total Checks (P=.1836, F=2.278, df=2) is unclear (see Figure 5).
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Figure 5. Ability Group and Total Checks (Active and Default)
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However, there was an interaction between study group and ability on Total Checks
(P=.0363, F=5.270, df=4, see Figure 6). Increased confidence for the RW, through training in the
actual environment, leads to fewer map checks. As expected the CG seems the least confident.
What is interesting though is the proximity of the VE to the RW group within the larger sample size

of the intermediate ability group.
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Figure 6. Total Map/Compass Checks over Entire Course

B. TOTAL DISTANCE OFF ROUTE

Similarly, the results for study group and Total Distance Off Route shows little effect
(P=.9994, F=.001, df=2). However, this time there is a pronounced effect for Ability on Total

Distance Off Route (P=.0073, F=12.450, df=2, see Figure 7).
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Figure 7. Total Distance Off Route by Ability Group

As in Total Checks, there is a pronounced interaction between ability and study group on

Total Distance Off Route (P=.0285, F=5.874, df=2, see Figure 8).
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Figure 8. Total Distance Off Route Over Entire Course by Study and Ability Groups

There was no unusual behavior regarding the number of checks a participant made in

relation to the distance they were off their route. As one would expect, the farther a participant
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perceived he was off his route, the more likely he was going to make a check (P=.0001,
F=70.033, df=1, see Figure 9).
Regression Plot
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Figure 9. Number of Checks as Related to Distance Off Route

Preliminary indications are that the real world condition may exhibit high performance

across ability levels through most of the testing phase (see Figure 10). But performance may
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Figure 10. Treatment Group Distance Off Route by Control
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drop off dramatically over time because these participants may have had more difficulties during
the training phase in covering the entire course. The tendency of the more skilled participant to
catch his error earlier is confirmed (P=.0854, F=3.812, df=2) by the Total Distance Off Route
divided by the number of instances of deviation off that route (see Figure 11). Advanced
participants caught their errors faster then all other ability groups and corrected them resulting in
less deviation off of planned route. Beginners were the slowest to catch and correct their route
deviations.
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Figure 11. Ability's Influence on Error Detection and Correction

C. TOTAL ERRORS

Study group’s effect on Total Errors, which again were a measurement of discrete
instances of deviation from planned route, was not significant (P=.8508, F= .166, df=2). There
was a weak effect for ability on Total Errors (P=.2019, F=2.114, df=2) and a modest interaction

between ability and study group on Total Errors (P=.1421, F=2.6, df=4, see Figure 12).
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Figure 12. Total Errors and Interaction between Ability and Study Groups

D. CONFIDENCE

Confidence may be inferred by an examination of Planned Routes and their relative
difficulty. Under most circumstances the most direct route to a control was the most aggreséive.
There was little effect between ability and aggressiveness of Planned Route (P=0.9241, F=0.080,

df=2, see Figure 13).
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Figure 13. Aggressiveness of Planned Route by Ability Group

Training condition modestly effected Planned Route was by (P=0.136 F=2.834, df=2, see

Figure 14) and showed that the real world participants felt more confident than others and

consequently planned more aggressive routes.
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Figure 14. Aggressiveness of Planned Route by Study Group

On the other hand over confidence created by having seen and planned most of the
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course at a manageable pace with direct aggressive routes, leads to an overly aggressive route
being selected for a control(s) when there is not enough time to familiarize oneself with the
route(s) to the same degree that was done earlier in the course. So for those participants who
hastily completed the end of the course during training in the real world condition, the latter part of
the testing phase was even more difficult than the map only treatment group who would have
carefully planned a more conservative route consistent with earlier routes (see Figure 15 for

aggressiveness of route and Figure 10 for distance off route).
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Figure 15, Aggressiveness of Planned Route by Control
Anecdotal comments by participants while doing the course and in the later debrief show
route choice is a complex function of confidence, experience, and perceived difficulty. lts
influence on performance is not clear here, with participant comments shedding some light (see

Discussion), but it is an area that requires further study.
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VIil. DISCUSSION

The fact that ability level had a greater effect on performance than training method is no
surprise. Previous studies by the Army Research Institute have documented this fact. The criteria
used to qualify an advanced participant effectively restricts this classification to people who for
sake of their highly specialized skills, experience, and recent continual practice could Be
considered “professionals”. These criteria restrict the advanced ability group to a very small
subset within the set of people who can use map and compass to navigate. This includes all
military personnel who though they may have received extensive training and later practice, are
not trained to do the type of fine detailed map reading and precise navigation required in this
study.

This is not alarming as it is assumed that the target audience for this work (even highly
trained special operations personnel) would be considered intermediates and beginners by this
classification scheme. However, it facilitated comparison to have a high bench mark to show what
was possible among a group of highly trained and experienced people. The ability of participant
four to have navigated the course with such skill after studying the map for less than an hour was
amazing. This skill, it was later found out through conversation with another member of
participant four's Orienteering Club, is regarded as exceptional within his club. The ability to take
a two dimensional representation, identify the relevant cues in which to plan a precise route, and
then walk that route within the previously described tolerances while having to make only one map
check and only one error over 2,000 meters is extraordinary. No other participant in the Control
Group approached this performance, and with one exception, the same could be said for the well
trained Real World Group. This skill level represents an unusual ability and not likely a skill level
that could be duplicated with training (since equally well trained and experienced patrticipants from
that participant’s Orienteering Club do not match this his map assimilation skill).

Advanced participants make fewer errors and are better able to recover from them once
made. This is likely due to their ability to use redundancy in navigational cues. While beginners A
might use one cue to distinguish a route change point, an expert will likely have a hierarchy of

cues with which he checks at every route change point. There will be the primary cue that
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confirms vicinity, closely followed by supporting cues that confirm that the primary cue truly
indicates that this is the desired point. This redundancy allows for greater error checking and by
continual checking while on the new route, quick identification of errors are made once they occur.
This reduces the most common error, the paralle!l error, which beginners are apt to make
repeatedly.

The course was set such that there were numerous opportunities to make parallel errors.

As expected, many of the errors observed were of this type. It is not clear whether or not the VE
helped prevent this type of error. It is suspected that that this VE was of marginal utility in
preventing paralle! errors. In part this is due to the “hole” view aspect limitation of the VE, which
precluded seamless and rapid reorientation to many viewpoints surrounding the likely parailel
errors on a given control, and the fact that most intermediate participants were not sophisticated
enough to consciously plan routes to avoid making a parallel error.

The VE clearly precluded misinterpretation of map symbols. This was determined in the

debrief and is most evident on control four (see participant's 3 and 12's maps in Appendix N).
Since the VE portrays the terrain in three dimensions, no VE participant made the same error
made by at least two Control Group participants. This error was a misreading of the contour lines
(the depression containing control 4 was read as a hilltop). It could be argued that this depression
is poorly represented by lack of prominent tick marks on the lowest contour line. However, this
error was not made by the advanced or the beginner participants. This underscores the fact that
maps by their higher level of abstraction and reliance on symbols, are much easier to misinterpret
than a three dimensional representation, especially when there is a time constraint, and the work
load is non-trivial.

The RW condition did not do as well as anticipated. | suspect this to be a function of two

things:

1. That by having to walk the course and plan for the subsequent test, time compression
occurred on the last two controls. As previously mentioned this ied to planning
judgment errors where an overly aggressive route was planned in context with the
amount of time remaining to commit that route to memory.

2. By having to actually “Orienteer” the course during the training phase (given the map
immediately preceding the start of that phase) less experienced participants may not
have taken the time to carefully study the map and choose a deliberate, carefully

executed route in context with the unique information provided on the orienteering
map.
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This last condition was most manifest on participant one. Who though a beginner in
orienteering, choose aggressive advanced level initial routes. This was due is in large measure to
his preferred technique of using map and compass for dead reckoning routes to large easily
identifiable features while hiking in the mountains. As previously discussed, this method is
suitable for covering great distances where route precision and knowing exactly where you are at
all the time is not required. However, when this method is employed against small features (like a
1x1 meter pit) on an unfamiliar finely detailed map, it is easy to walk right by the feature you are
looking for or repeatedly misjudge distance. This is exactly what happened to participant one who
never was able to find control 2. His usual method of moving around more in the hope of
bumping into the control (feature) did not work.

Participant one also illustrates the connection between early failure in navigation, its
influence on confidence, and in turn probability of later success. By failing to find control two within
the first 15 minutes, participant one’s confidence was shaken. Continued failure resulted in
diminishing confidence where he began to question his analysis and ability to visualize the terrain.
He was quite experienced in non-orienteering form of navigation described in the last paragraph,
but early failure made him question his fundamental abilities in the test’s context. His inability to
recover from the early error and attempt a new method or gather a new appreciation for the map,
was in many ways related to his diminishing confidence.

This is not an unusual phenomena, even advanced orienteers expect to go through an
initial familiarization phase in which the information provided by the map is “fit” by direct
experience to the actual environment. Early success creates confidence, which in turn positively
influences the chance for future success. Conversely, early and protracted failure, can diminish
confidence and lead to doubting map, and/or abilities in this new environment. Perhaps the VE by
giving a 3D representation, used in conjunction with a map for training, can help reduce the
learning curve in that initial map/environment correlation phase. Thus reducing the chance of
early error and as important, increasing confidence before going into an unfamiliar environment
where the fear of getting lost (especially upon first entering the environment) is very real for all

ability levels.
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The utilization of a VE with a map used to familiarize a navigator prior to going into the
actual environment may actually improve performance since they require the development of a
method or discipline in planning. In the case of the Real World Group, their opportunity to
experience the environment directly while planning could foster a “I'll run there and see what | see
enroute” plan which could be very inefficient and lead to many time wasting errors. As already
indicated, their early success with aggressive direct routes later shaped their route choice for the
final control, which for many of them due to a lack of time, was not experienced in the training
phase to the same extant as earlier controls.

Habit is another potential vice that could be recognized and consciously accepted or
rejected through training in a VE. One participant, a helicopter pilot, chose many direct routes in
spite of the fact that he was part of the Control Group. What had worked for him as a pilot, where
point to point navigation without much regard for minor ground features is normal, would not work
on this course. Direct azimuths with pace, as participant one, and perhaps one or two features
along the way for route confirmation, was not successful in a test such as this where an
abundance of opportunities for parallel error would play havoc with anyone who did not foresee
potential errors and sought to eliminate them through using multiple features for route
confirmation. The VE could be provided with an intelligent tutor, which could appraise the
environment within the context of what the user sought to do, and suggest various courses of
action by displaying them and spotlighting the cues and those that have the potential to be

mistaken for the correct cue.
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IX. CONCLUSIONS

A sport orienteering study was presented that investigates the utility of VEs as a training
tool for natural environment familiarization beyond what is possible with a map alone. In

conclusion:

-

Ability level is more important to navigation performance than training method.

2. Intermediate users benefit more from the VE training method than either advanced or

beginner users.

3. The VE allows for time compression in training, allowing more area to be traversed in

a shorter amount of time than would be possible in physical reality.

It's believed that the VE allows intermediate users to develop more redundancy in the
cues they use while navigating. Anecdotally, this was confirmed by some intermediate participants
who remembered using the small grove of large oak trees immediately beyond control 4 as their
reference point for finding that control. Their less developed ability to visualize the terrain directly
from a map is where the VE has its greatest impact in making vivid what otherwise might be
overlooked or even omitted on a map.

Advanced orienteers have such highly developed abilities in terrain visualization from
maps that the VE does not seem to offer them much that they do not already possess. However,
the increased workload on such a participant by having to navigate through a VE and refer back to
a much more familiar map, may impair their performance. The one advanced participant, who did
the VE, remarked that is was helpful for visualizing the control within the context of its immediate

surroundings, but not very helpful beyond that. Orienteering maps are very precise and allow

experts to navigate by many cues simultaneously.

A. FUTURE WORK

This study was not designed to answer all questions about the utility of VEs to navigation
training in the natural environment. Having established that their is some utility to the properiy
scaled and configured natural environment VE, future work should look at how VEs can be
optimized for training navigation and creating user familiarity, and where certain cases demand it,
an almost complete user knowledge of the represented environment. This experiment should be

extended by adding new conditions altering the fidelity of the interface as well as the environment
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itself. Also method of information presentation such as sequence, toggling features on and off, a
built in compass that presents the user with the bearing where his view is currently directed, a
measuring tool and virtual pedometer for facilitating distance to and traveled while in the VE are
some of the technical improvements that could be made to improve training transfer.

The objective is to determine if the use of VEs is a practical augmentation to conventional
map study techniques used by today’s military. These early results encourage further investigation
of VEs for navigation training towards the the development of usable systems that can be

deployed in a variety of settings and application areas.
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